
UNCLASSIFIED

AD NUMBER

AD425673

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; AUG 1963.
Other requests shall be referred to
Ballistic Research Laboratories, Aberdeen
Proving Ground, MD.

AUTHORITY

USABRL ltr dtd 13 Nov 1986

THIS PAGE IS UNCLASSIFIED



CLASSIFIED

+5 673

DOCUMENTATION CrITER
FOR

:IC AND TECHNICAL INFORMATION

ION STATION. ALEXANDRIA. VIRGINIA

UNCLASSIFIED



NOTICE: Nhen government or other drawings, Fiptci-

fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. C.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that thc G- -.i-
ment may have fozmulated, farnished, or in any way
supplied the said drawings, specifications, or other
data is not to be regarded by implication or other-
wise as in any ,anner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.



Will

MEMORANDUM REPORT NO. 1508
AUGUST1963

* At4ETHOD OF OBTAINING A MASSIVE HYPERVELOCITY

~ PELLET FROM A SHAPED CHARGE JET

A. Merendino
J. MA. Regan
S. K,-o1oman

RDT & E Project i~ 1I'''-1O,

BALLISTIC RESEARCH LABORAl CRIES

AKERDEEN R 0 V! N G RO0UND. M AR YL AN D



DDC AVAILABILITY NOTICE

Qualified requesters may obtain copies of this report from DDC.

Foreign announcement and dissemination of this report by DDC is
not authorized.

Tze findings in this report are not to be c(oLstruod
as an, ofI.eial D~partm, inL of the Army positl,)ri.



BALLISTIC RESEARCH LABORATORIES

143RANDUK Foei I so0. 1508

AUGUST 1963

A METHOD OF OBTAINING A. MASSIVE HYPERVELOCITY
PEllET FROM A SHAPED CBAHGE JET

A. ?erendino,
J. M. Regan
S. Krornni

Terminal Ballistics laboratory

W." & E Proje-t No. 1-,4):-0501AOO6

ABERDEEN PROVIN.G GROUND, MAIYLAND



BALLISTIC RESEARCH LABORATORIES

MEMORANDUM REPORT NO. 1508

Aerendino/JRegan/SKrona/Jk
Aberdeen Proving Grouud, 14d.
August 1963

A METHOD OF OBTAINING A M4ASSIVE HYMEV21OCITY
PELLET FROM A SHAPEM CHARGE JOE

ABSTRACT

A method of isolating the tip of a shaped charge jet is described. The

tip, thus isolated, provides a massive pellet for research in the field of

hypervelocity impact. Aluminum pellets of 3.2 to 4.0 grAns mass with velocities

between 7.57 and lO.95ia/psec (25,059 and 35,478 feet per second) werd produced

with a 3.33-in diameter Composition B charge. For one charge design, in which

sufficient observations were made, the standard deviation of the velocity was

only O.10.n/psec.

Shaped charge scaling laws predict .that pellets in the order of hundreds

nf gramo can be ejected at equivalent velocities.
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IhTIODUCTION

Researchers lit the field of hypervelocity impact need a simple, econor.. cal,

and reliable device that will provide a compact mass having a velocity greatz

thai 7,000 meters per second. The presence of high-velocity particles within

a shaped-charge jet has been known fur meny years. The studies reported here

are am extension of an earlier attempt 1) .'o isolate leading portions of

Jet by inhibiting the collapse of basal portions of the liner. The original

experiments were only partially successful because the material used to inhibit.

the liner collapse did not have appropriate physical properties. Techniques

described in this report have been completely successful in isolating the tip

of the Jet. The isolated tip is identified an Pn "Tnhibted Jet Pellet" to

distingu sh it from other types of hypervelocity pellets.

CHARGE AND INHIBITOR DESIGN

The shaped-charge design illustrated in Figure 1 was M,;e'n because flash

radiographs showed the presence of a large mass of high-velocity materiel at

the tip of the Jet (Figure 2). The short tube at the apex of the liner

appeared to be an essential factor in producing the massive jet tip and was

retained for all charge designs tested. To control the degree of liner ollapse

and allow only the tip of the jet to form, an inhibitor was designed to Pt

within the liner cavity (Figure 3). The sides were made to %onform with the

liner angle and the centor was removid to permit uninterrupted passage of the

jet tip. As the experiments progressed, the height and material of the

inhibitor, as well as the apex angle of the liner, were varied.

The tip of the jet was radio rophed in flight with a 300-kv flash x-ray

unit (Model P. 8. -300-1000-0.2) manufactured by the Field Emission Corporation.

Two x-ray tubes were arrenged to radiate pcrpendio..ltr to Lae jet path As

shown i Figure 4. Labes No. I a. 2 were fTshed sequ:entially with a known

time delay between flashes, &,d the vlocitj was determine, from tht. distance

of travel measured on the redlographs.
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A radiograph showing effecta produced by a copper inhib'tor having a

total height of 1.90 inches, in a 45° liner, is presented in Figure 5. A

portion of the jet tip and the jet material immediately behind it we.re elimi-

nated. However, there still existed a considerable amount of high velocity

material a short distance behind the tip. The copper inhibitor evidently

Permitted portions of the liner r.ear the apex to form a jet and pass through

the hole in the inhibitor oefore it closed. To reduce the time for closing

the passage through the inhibitor, new inhibitors were made from Lucite which

has a lower density (1.18 gm/cc as compared to 8.9 gm/cc for copper) and a

reasonably high rate of shock propagation (2.Tmm/itsec as compared to 3.5u/psec

for copper). Results obtained with +be first LUic.tt InhibiLor, 1.90" high in

a 450 liner, are illustrated in Figure 6. Although only a small portion of the
pellet was formed, all the high-velocity jet material immneaiately behind the

pellet was eliminated.

The degree of success in eliminating the high-velociLj jeL material can

be determined from the terminal ballistic effects produced by whatever material

emerges from the base of the inhibitor. Discrete pellets, impacting with

sufficiently high velocities, produce nearly hemispherical craters in semi-

infinite targets. On the other hand, if the material is rod-like in shape or
if a stream of high velocity material is produced, the craters become elongated

in depth.

The terminal ballistic effects.produced in steel targets, by charges

having copper and Lucite inhibitors 1.09" high, and 450 apex liners, are

illustrated in'Figure 7. The sectioned steel targets show clearly that the

Lucite inhibitor isolates a single pellet and eliminates the trailing high-

velocity Jet material; whereas, the copper inhibitor )tmitq .. trean of hi4di-

velocity pa ticles to impact the target producing a much deeper crater. There

still remains, however, some low-velocity mater4 al (velocity '.. /bAse') hi-h

would seriously deform soft target materlals su j as pure a.um..j'--. Elj.iination

of the low-velocify particles will b.- described In a later -_-ction.

Since the lIc I-e inhibitrrs were completeij -xccczsful in elimiuatinlp the

extran.eous high-velocity material, wore Lulcite inhi '% ors 0.50". 1.00", and

1.50" hi., in 450 apex liners (Figure 3), ,were studied. The resulj . are

8



illustrated by the radiograph, shown in Figure S. The qhortest inhibitor did

nothing more than create a slight disturbance in the jet, -he longest eliminated

all of the high velocity jet material and almost all of the pellet; whereas,

the one of intermediate height eliminated all of the high-velocity jet Mteriai

and about half c-f the pellet. Obviously, changes in height drastically affect

the resulting jet formation.

Further experiments with Lucite inhibitors in 370 aluminum liners were

conducted. Figure 9 illustrates the features of the undi sturbed jet and -adio- .

graphs in Figure 10 illustrate the degree of isolation of the tip achieved

with inhibitors 1.00", 1.06", 1.12", 1.25" and 1.37" high. The extraneous

high-velocity material was not present and irol-i onn of the jet tip is obvious.

INHIBITOR AND UINER COLLAPSE STUDIES

The collapse of copper and Lucite inhibitors vws studied by radiography.

Charges with 450 lineri and inhibitors 1.09 inches high were used. To observe

the inhibitor during collapse it was necessary to use -ine 600-kv flash x-ray

unit (Model P.S. -600-2000-0.") manufactured by the Field Emis ion Corporation

to reveal sufficient detail, It should be remembered that the pellets and

associated material will appear much less dense in radiographs taken with the

600-kv unit than in similar radiographs taken with the 300-k- units.

The collapse of a copper nhibitor is illustrated in Figure 11. The first

radiograph was taken 27 microseconds and tt.a second 37 microseconds after

initiation of the charge. For the shorter time delay, with a copper inhibitor,

the pellet h - already emerged and moved a short distance from the base of the

inhibitor. The pellet is imnedietcly followed by aluminum jet material with

velocity close tu that of the pellet. For the longer time delay the radiograph

clearly shows materiel atill emerging from the br e of th. inhibitor. The

collapse of a Lucite inhibitor . ilustrated in Figure 12. At 27 micro-

seconds the radiograph of the IAYcite inhibited '>t showF 'Ie pelie-, at the

same location as was oberved for the coppcr inhibitoi hu .: tr4.ing miterial

is trvlyal In auantity. At 37 microsecovts, where the presence of jet material,,

is obvious wth a copper inhibitur, the.,, '. only d very slight tract of

Lrailing material which has a negligible, if ", effect on the target (Fig. 7).

9



The mechanism by which the Lucise inhibitor isolates the tip of the Jet

has been reconstructed using the flash radiographs as a guiee. As illus-

trated in Figure 13, the collapse of the inhibitor is an ersential feature

in eliminating the high-velocity jet aterial that would o-herise follow

closely behind the pellet. At a much later time, the slug from the liner

and the debris from the inhibitor emerge .ith a velocity less than

1.5mm/gsec.

ELIMINATION OF LOW-VELOCITY MATKRIAL

To observe both the pellet and the low-velocity debris from the

inhibited shaped charge, the x-ray tubes shown in Figure 4 were pulsed

sequentially with the No. 2 tube beii* pulsed first to riitliograph the

pellet and the No. i tube being pulsed much later (',' 400 gseci to

radiograph the debris.

Radiographs showing the pellet and low-velocity de'ri - presented

in Figure 14. The distance between tie pellet and debris is much greater

than that shown in Figure 14 due to the large time delay between the two

radiographs.

Two methods of deflecting the low-velocity debris were tried. The

first was an explosive stick placed some distance in front of the charge

(Figure 15) in an effort to deflect the debris during flight. The second

was the addition of a semi-annular section of explosive at the base of the

charge (Figure 16) in an effort to deflect the debris immediately folUowing

collapse. "L-e results are illustrated by the radiographs presented in

Figures 17 and 18.

btnce both x-ray tubes view the cvent from t.e same direction, the

angle f deflection can ue measured from i2.ie radiographc using the point

of deflectio' aad the direction of travel of the pellet -? :, reference.

To facilitate measurement of the deflectic angle, tb cblr,es we . rric L' ed

in sucn a way that the debris sjld be deflected in a plane perpendicular

to the radiation.

The explosive stick proviues an angle of ;.fl.ect].on (Figure 17) such

thi't the unwanttd material can be trapped by a baffle plate. Hcwevec, the

es:.nlosive stick complicates the experimental arrangement because two

charges must be precisely aligned and detonated with the proper time O.clay.

10



The semi-annular section of explosive at the base of the chage provides

adequate deflection of the low-velocity material (Figure 18) without damaging

the high-velocity pellet. Once again, the debris can be trapped Dy a baffle

plate. Because tne additional secticn of explosive can be rigidly attached

to the principle charge, difficulties in using the assembly are minimized.

EFFECT OF I~aI APEX ANGLE ON PELLET VELOCITY AND MASS

The velocity of the tip of a shaped-charge jet increases monotonically

with decreasing liner apex angle with the velocity approaching a theoretical

value equal to twice the detonation rate for jet tips produced by cylindrical

liners (00 apex angle)(2). The jet tip velocit- was determined for linersC 0 0

having apex angles of 200, 25', 0 , -0, 450 and 600. "b. charge length

(Figure i) was mcdified for each apex angle to maintain a constant distance

of 1-1/4 inches between the top of the liner ana the tetrvl booster. .be

measured velocities are presented in the table below.

TABLE I

Liner
Apex Angle 200 250 300 370 4 °  60

Jet Tip Velocity 11.70 10.98 10.39 - 9.59 8.86 7.57

(mm/psec) 10.91 9.50 9.64
9.53 9.66'

9.56 9.72
9.58 9.75
9.59 9.o
9.59 9.81

Average 11.70 10.95 10.39 9.64 8.86 7.57
STD DEV. 0.10

The 4iocity of the jet tip is shown as a functi, ,. rf tb- liner apex avgle in

Figure 19. The velocity of i5.4m'/pec at the interepnt is the theoretical

value Lor twice the detonEtion rate of Composition B (?.£,,/use)

The radiographs of the jet tips for the liver apex eP.gles showr, in

u:ole I indicete that useable pellets ar: p-cluceu with a,.gles from 250 Lo

600 (the lar, -ot angle iavpstigated). T w '2 apex angle liner did not

,roduce a consolidated pellet at the jet tip aeid at pres,-t its usefulness

is joubtful.
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Hoverer, more experiments should inriicate the proper design modification
necessary to make this jet tip coherent also. Radiographs of the jet tips

produced by liners with 30P, 370, 45' and 66 angles are showL in Figure '20.

For hypervelocity impact studies the moss of the pellet must be determined

by an Independent observation. If the pellets are stlid aluminum, the mass
can be determined by measuring the pellet size from a radiograph. Pellkt

,solidity was checked by a simultaneous radiograph (Figure 21) of a pellet rmd
a solid alumintim rod,. approximately equal in diameter to tha maximm diameter
of the pellet. A rohparison of the intensities ahows that there is no ap-
preciable difference in density between the pellet and rod. Estimates of mass
were made for the pellets shovn in Figure 20 along ith estinwtes for two

pellets produced by an inhibited (1.25 inches high) 370 apex liner. The

results are tabulated below.

TABIZ II

LIMR APEX 300 370 450 6f 7O

ESTIMA1D MASS 3.3 4.0 3.2 3.6 3.4

(GPM) 3.6

A technique has been dev%. .. ped ror producing aluminum pellets havinj6
velociti'-s betveen 1.57 and 10.95 mm/li.sec. Jet tip Ni1locitieq; up to

11.7 mxls/uc have been ach' cved; however, soe design modifications may be

required t.-. achieve a concentration of liner mass at the tip, cf the jet. A

pellet mass of 3.2 to 4.0 grams is readily ob4-.ined using a )~rt r 1iav.-_' a

3.33-inch base diameter. Becauase shaped chargms follow a linear scal.ing
relationN~, it appears that the mass of the ptWjiet c&fl be increased, for

12



example, to about, 200 grams by increasing 'Lhe charge diameter to 12 inches.

Thus, by changing the apex angle and charge size, the pellet velocity and

mass can be varied over a sufficient range to provide a simple, economical,

and reliable device for obtaining termina.l ballistic data to study hyper-

velocity impact phenomeia.
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JET TIP

Figure 2 Radciogrspb or the 'tading portions of trne 4-t fli~i the shped C ge

dcsign illustrated i.n Figure' 1. bote the massive portion at the jet
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.-&, ADDITIONAL HIGH VELOCITY
K JET MATERIAL

I IPELLET

Figure 5 Jet from a charge wi'h a J45" liver wid a .l.9( 0h copper inibitor.
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9

t PELLET

Figure 6 Jet from a charge with a J45 0 liner and R l.9y' high YLucite inhibitor. Kote
th~e absence of high v'elocity jet material behi.~d che pellet.
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SjSMj1Vm Figure 8 Radiographs of the leading portions of Jets from char s
0 0 100 mm with Lucite inhibitors (left to right) 0.50, 3.00anii 1.50

inches high.
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INHIBITOR HEIGHT-I.00 INHIBITOR HEIGHT- 1.06 INHIBITOR HEriGT -1. 12

INHIlS ~.iR HEIGHT-12 IN'.te~r(R HEIGHT- 1.37

Figure 10 Radiographs of jet tipa with variouu degreef. of
isolation by Lucite inhibitors or tbt. tehts

ICC mm indicated.
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-PELLET

II
II

(A) (9)

FigUre 11 Radiographs of charges, with Copper inhibitors, showing the liners at
intermediate stages of collapse, (A) at 27 microseconds and (B) at
37 microseconds after charge initiation.
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HIGH VELOCITY "I
MATEM~AL

(A) (Be

Figure 12 Radiographs of charges, 4th LiitSte inihibitors, shoving the liners at
intermediate stages of collapses (A) at 27 microseconds and (B) at 37
microseconi.s after charge initiation.
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I PATH OF PELLET AND DEBRIS

LOW VELOCITY
DEBRIS

7 ~ - PEL.Lt2

FiSure 14 Radiorxaph of anr isolated pellet together with the low-

velocity debris following in line but far behiud.
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COmP B.
1:' SQ.- 6!' LONG

Figure l The addition of an explosive stick ner the
pellet path to act as a deflector device.



fDEFLECTOR CHARGE

114We If Th. addition of a amI.Snfl.Lx explosiv* b-!1t
at the base of the 1hexgs to act m r. WiAmctor
device.



PATH OF OESr PATH OF PELLET

LOW VELOCITY DEBPIS

* - PELLET

Figure 17 Radiograph oi' a pellet, and low-veloclty debri,,;
from the charge Illustrated in Figure 15. The
debris is deflected at the angle indicazed.
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PATH OF 4E I FAN' OF PELLET

Low ELOWITY a'ERIS

T--i---. P£t LF.T

Figure 18 R adiogroaph of a pellet, and low-velocity debris,
from the charge illustrated in Figure 16. The
debris is deflected at the angle indicat d,
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Figure S Effect of the liner apex angle on the jet A±p velocity.
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SOLID AL RO0... ... PELLET
7MM DIA. MAJOR OUL7MM

Figure 21. Simultaneous radiograph of & pellet and % solid sli inum rod of the
see clameter .u demonstrate the Pol-d ty u ihe pellet.
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